
Tel/us (1991), 43B, 206-223 

Temporal variations in the partial pressure and flux of C02 

at ocean station P in the subarctic northeast Pacific Ocean 

By C. S. WONG, Centre for Ocean Climatic Chemistry, Institute of Ocean Sciences, P.O. Box 6000, 
Sidney, BC, V8L 4B2, Canada, and Y.-H. CHAN, Western Ecological Services, Ltd., # 2-2563 

Penrhyn Street, Victoria, BC, V8N JG2, Canada 

(Manuscript received 19 March 1990; in final form 29 October 1990) 

ABSTRACT 

The temporal variations in the partial pressure and air-sea flux of C0 2 in surface seawater at 
Ocean Station P (50°N 145°W) between August, 1973, and July, 1978, were investigated. In the 
summer months of 1973-1977, the evasion of C0 2 from the ocean to the atmosphere was 
less than 1 mM m - 2 d - 1 except for July of 1975 with a higher net flux of 1-2 mM m - 2 d - 1

. 

In the other seasons and also in the summer of 1978, a net sea-to-air C02 flux of about 
- 3 mM m - 2 d - 1 occurred. The eastern subarctic waters around Station P was probably a small 
sink for C02 during the 5-year observational period with an average net sea-to-air flux of about 
-0.7Mm- 2 yr- 1

. The C02 exchange coefficient (K) was about 0.05Mm- 2 µatm- 1 yr- 1 

and the unidirectional C02 exchange rate was about 17 Mm - 2 yr- 1
. 

1. Introduction 

The variations in C0 2 fluxes over the ocean 
are crucial for projecting the future level of 
atmospheric C02 • A key parameter of the oceanic 
C0 2 system is the partial pressure of dissolved 
carbon dioxide, P co

2
, in the surface ocean. The 

difference between the partial pressures of C02 in 
the surface seawater and in the overlying atmo­
sphere defines areas of C0 2 source and sink over 
the ocean. Since the high-latitude waters are 
probably undersaturated with respect to C0 2 in 
the summer (Keeling, 1968), these oceanic areas 
could play an important role in the climate - C0 2 

feedback processes by removing a large quantity of 
C0 2 from the atmosphere. 

During the International Geophysical Years, a 
technique employing a non-dispersive infrared 
(NDIR) analyzer was developed for continuous 
shipboard determination of P co

2 
in surface 

seawater. Briefly, this technique was to measure 
the C0 2 concentration in a volume of air which 
has been equilibrated with the seawater pumped 
from the surface ocean into an equilibrator 
(Takahashi, 1961; Keeling et al., 1965; Kelley and 
Hood, 1971 ). The technique was applied to map 

the spatial distribution of oceanic P co
2 

(Keeling, 
1968). A gas chromatographic method was used 
recently to study the seasonal variation of P co

2 
in 

the equatorial Pacific waters (Weiss et al., 1982) 
and in the North Atlantic Ocean (Takahashi et al., 
1983 ). 

The exchange of C0 2 between the surface 
seawater and the overlying atmosphere is 
regulated by the gradient of C02 partial pressures 
across the air-sea interface, the gas transfer 
velocity (or piston velocity) and the solubility of 
C02 in seawater. The transfer velocity charac­
terizes the rate of C02 exchange between the air 
and the surface ocean and its value can be obtained 
by field measurement or in the laboratory (Liss, 
1988 ). One field method for estimating the local 
short-term flux of C0 2 is to measure the vertical 
profile of the radon deficit in the surface ocean 
(Broecker and Peng, 1974 ). This method was used 
to determine the C02 flux at the BOMEX area of 
north Atlantic (Broecker and Peng, 1971) and at 
Station P (Peng et al., 1974 ). Other projects using 
this method included the GEOSECS program 
(Peng et al., 1979), the TTO program (Smethie 
et al., 1985) and others (Batrakov et al., 1981; 
Roos and Gravenhorst, 1984 ). 
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